Continuous solvent extraction requires much time for separating metal complexes, but is useful in the case of metal complexes with low extractability. This process has thus been applied to the separation of metals, which is difficult by conventional batch extraction. 1 Extraction reagents (HR) are usually consumed in amounts several hundred times those of metals (M). Complexes to be extractable into an organic solvent {MRn·(HR)m} are not always obtained using diluted extraction reagents.
number.
In the case of continuous extraction, masking agents may be used to separate metal ions, even though they suppress the extractability, provided differences in the extractability of metal complexes are large. Even if the extractability of the analyte by a conventional batch method decreases from 100% to 50% due to a masking agent, separation by continuous extraction may be effective at the extractability of coexisting ions at less than 0.1%. Optimum masking agents were sought so as to separate metals by continuous extraction. The effects of masking agents on the separation of copper(II) from iron(III) with 8-hydroxyquinoline (a well-known chelating reagent) were examined. The separation of these metals is difficult by a conventional batch method using 8-hydroxyquinoline.
Experimental

Apparatus and reagents
A schematic diagram of continuous extraction is shown in Fig. 1 . The extraction vessel is a 300 cm 3 Morton flask with a high-speed stirrer and a Teflon phase separator. 3, 4 The organic phase separated by the separator is transported to a distillation flask with three necks (100 cm 3 ) by a mini chemical pump (Nihon Seimitsu Kagaku Co., flow rate 2.0 cm 3 /min). The absorbance was measured with a Shimadzu Spectrophotometer UV-160A. The stirring speed was monitored by a Space Digital tachometer (Teraoka Co).
Copper(II) and iron(III) solutions were prepared by diluting standard solutions (1000 µg/cm 3 ) for atomic absorption spectrometry (Wako Pure Chemical Industries Ltd., Osaka, Japan). All other chemicals were of reagent grade and used without further purification.
Standard procedure
Twenty milliliters of an 8-hydroxyquinoline chloroform solution were added to a 100 cm 3 aqueous solution containing metal ions, pH buffer agents and a masking agent in a Morton flask. The chloroform phase separated at high-speed stirring (1500 rpm) was introduced to the distillation flask. To maintain the concentration of 8-hydroxyquinoline and the volume of chloroform constant, an 8-hydroxyquinoline chloroform solution was taken from an Erlenmeyer flask with the same flow rate of chloroform from the Morton flask. After metal ions were concentrated in a 2 -3 cm 3 solution in the distilled flask, the solution was diluted with pure chloroform to 10 cm 3 . The absorbance of organic solutions was measured at 410 nm for copper(II) and 467 nm for iron(III) against a reagent blank.
Results and Discussion
Effects of pH on the absorbance in the conventional batch method
Copper(II) and iron(III) extraction with 8-hydroxyquinoline has been widely conducted. The extraction constants are 1.77(Cu) and 4.11 (Fe) as logarithms, respectively, 5 which suggest the difficulty of separation. Extraction curves for the effects of pH are shown in Fig. 2 . The results were obtained at 30 min extraction by the conventional batch method. The difficulty in separating Cu(II) from Fe(III) based on differences in the extractability was readily evident.
Effects of the 8-hydroxyquinoline concentration on the absorbance in the conventional batch method
The effects of the 8-hydroxyquinoline concentration on the absorbance were investigated (Fig. 3) . The difficulty in separating iron(III) and copper(II) using the differences in the extractability due to the concentration of 8-hydroxyquinoline is apparent from Fig. 3 , whose curves show almost the same absorbance for iron(III) and copper(II) chelates in spite of their different extraction constants. These results might be explained by a lower reaction rate of iron(III) than that of copper(II) with 8-hydroxyquinoline.
Effects of sodium oxalate as a masking agent
The effects were investigated for iron(III) and copper(II). Sodium oxalate (H2L) reacts with iron(III) and copper(II) to form CuHL (stability constant, 10 6.25 ), CuL(10 4.5 ), CuL2(10 8.9 ), 6 FeL(10 8.0 ), FeL2(10 14.3 ), and FeL3(10 18.5 ). 7 These complexes are soluble in an aqueous solvent, except for CuL. The effects of sodium oxalate on the extraction curves of copper(II) and iron(III) at 1.0 × 10 -3 M (mol/dm 3 ) 8-hydroxyquinoline in chloroform solvent are shown in Fig. 4 . The effect of the masking agent on the extraction-suppression for iron(III) was significantly larger than that of copper(II). Iron(III) has not been extractable at 1.0 × 10 -3 M sodium oxalate as a masking agent. These results are in agreement with those presumed by the stability constants.
Masking effects of sodium oxalate varied according to the concentration of 8-hydroxyquinoline. The relationship between the absorbance and the 8-hydroxyquinoline concentration is shown in Fig. 5 in the presence of sodium oxalate as masking agent. The extraction of copper(II) and iron(III) increased immediately at 8-hydroxyquinoline concentration, exceeding that of sodium oxalate. The extraction of copper(II) and iron(III) differed considerably compared with Fig. 3 at the same extraction conditions, except for masking agent addition. The effects of sodium oxalate demonstrate the difficulty of separation by batch solvent extraction.
The extractability of copper(II) decreased by the addition of sodium oxalate. On the other hand, iron(III) was not extracted at all. The separation of copper(II) and iron(III) was attempted in the presence of 2.0 × 10 -3 M sodium oxalate by continuous solvent extraction. 8-Hydroxyquinoline was used at 1.0 × 10 -3 M, at which the iron(III) chelate is not extracted by batch extraction, as shown in Fig. 5 . The results of continuous solvent extraction are shown in Fig. 6 . The copper(II) chelate showed a constant absorbance above 180 min. The iron(III) chelate was not extracted at all. The extractability of the copper(II) chelate was 90% at most.
Effects of sodium pyrophosphate as a masking agent
Pyrophosphate was used as a masking agent for iron(III). The stability constants 8 for copper(II) and pyrophosphate ion (L' 4-) were 10 6.7 (K1) and 10 9.0 (K2), respectively, and those (β2) for iron(III) and L' 4-: 10 22.2 {Fe(HL')2}. 9 This value indicates the effects of iron(III) masking to be adequate. The effects of iron(III) masking with pyrophosphate ions were thus examined by the conventional batch method (Fig. 7) . The effects of pyrophosphate on iron(III) ions were greater than those of masking on copper(II), as expected.
The results by the batch extraction method at a constant concentration of sodium pyrophosphate are shown in Fig. 8 . Iron(III) was masked adequately with pyrophosphate ions. A quantitative separation of copper(II) from iron(III) only by the batch method was not achieved. Continuous extraction was thus conducted in the presence of pyrophosphate ions. The copper(II) chelate at less than 100 min reached a constant absorbance by the standard procedure (apparatus in Fig. 1 , flow rate 2.0 cm 3 /min). The extractability of copper(II) was 94%, which is not quantitative in spite of a better extraction time, as shown in Fig. 9(1 hydroxyquinoline concentration to 3.0 × 10 -4 M. The separation of copper(II) from iron(III) was consequently possible, as shown in Fig. 9 (2). The extractability of copper(II) was 99% and iron(III) below 1%. The present method may thus be applied at 1 -100 µg for a mixture of copper(II) and iron(III). Continuous extraction proved to be superior to batch extraction when using a masking agent.
